ation of species of that taxonomic group have been carried out by the author for six years. The present paper is a contribution to the better knowledge of the genus.
MAteriAL AnD MetHoDS
In the study were used selected epiphytic and epilithic species of the genus Opegra pha occurring Species nomenclature was adopted after Santesson et al. ����4� and Diederich et al. ����8� . �ut of each species, 3� specimens were studied coming from differ-����8�. �ut of each species, 3� specimens were studied coming from different locations in the country. In total, about 4�� pycnidia were examined coming from different specimens deposited in � lichen herbaria in Poland and the author`s private collection �GPN, KRA�, KTC, LBL, L�D, P�Z, UGDA, WRSL and hb. Wieczorek�. In order to analyse in detail subtle structures, such as conidiophores and conidia, well developed pycnidia were selected from the whole collection. They were cleaned, properly prepared and then cut into microtome sections, 1� to �5 μm thick, by means of rotary microtome. The whole analysed material was subject to examination using high quality optic-computer equipment, i.e. a QUANTA ��� scanning electron microscope and a light microscope of nikon Eclipse E-��� type.
Selected There is variation of these forms, also within single species, which consist first of all in a larger or smaller flattening of pycnidium or, like for example in O. vermicellifera �Fig.4a�, in development of local thickenings of the pycnidial wall. The size of pycnidia is much varied; for example in O. vermicellifera, the height of these structures ranges from 13� μm to ��� μm, being measured from the thallus base, while their width from 1�5 to �7� μm. Considerable differences in the height of these structures have been observed, for instance, in O. dolomitica. Pycnidia in this species are structures once deeply immersed in the thallus but some other time they protrude above the thallus surface. The width of pycnidium in the examined specimens of O. dolomitica ranges from 1�� μm to 38� μm.
Pycnidia are distributed on the thallus singly � such cases were observed in O. atra or O. dolomitica, or in smaller or larger agglomerations, like in O. vermicellifera �Fig.5�. Pycnidia of the examined species have been divided into two groups: sessile pycnidia �protruding above the thallus� and thallus-immersed pycnidia. �ajority of the examined species had more or less protruding pycnidia. These taxa included O. atra, O. niveoatra �Fig. ��, O. varia, O. vermicellifera, O. viridis and O. vulgata . Pycnidia of the epilithic species, such as O. calcarea, O. dolomitica and O. rupestris �Fig.7�, were more variable and it occurred frequently that both sessile pycnidia and those immersed in the thallus were found on one specimen of a given species.
In the genus Opegrapha, there are non-chambered �unilocular� pycnidia in all species �Figs 1, �, 3, 4, 8, ��. From point of view of ontogenesis, a non-chambered pycnidium can develop in a much diversified way. The lack of partition walls inside pycnidium is always typical. An advantage of such a construction is possibility to produce a large number of conidia in the pycnidium �Vobis 1�8��. When compared with the pycnidium volume, the layer producing conidia is rather narrow and, for example in O. vermicellifera �Fig.1��, is barely 1� to �5 μm broad. The pycnidial walls are composed of basal conidiogenous cells which, as the paraplectenchymatic [= pseudoparenchymatic] layer, separate a pycnidium from the thallus �Vobis 1�8�� �Fig.11�. The wall-building cells differ from proper conidiophores in this, among others, that they can not produce conidia. Until the complete development of pycnidia, they can proliferate by division so that pycnidium dimensions become enlarged this way. Determination of a clear boundary between the cells of conidiophores and those building the pycnidial wall is impossible in the greater part of cases, in particular when conidiogenous cells producing conidia are in the early stage of development. Therefore, it is hard to determine the thickness of pycnidial wall. In cases which are not questionable �mature pycnidia filled with conidia�, the wall thickness is, for example in O. vermicellifera �Fig.1��, from 13 μm to 3� μm �without pruina�. A characteristic external element of pycnidium in O. vermicellifera is its pruina �Figs 4b, 13�. The thickness of pycnidium pruina in specimens belonging to that species varies largely and is ca 4 μm but locally also up to �� μm.
Apical cells of the pycnidial wall have a tendency to assume a black colour, so called "carbonisation", among others in O. vermicellifera �Fig.14�. This phenomenon was earlier observed in many lichen species �Tibell 1�78; Coppins, James 1�7��. As reported by Vobis �1�8��, a colour pigment is deposited in most cases in external layers of cellular walls but pigment penetration into the cell interior has been also observed, among others in Lecanactis abietina.
�ajority Development of the ostiolum may take place in a different ways. An additional cracking of the pycnidial wall was observed just after development of a proper ostiolum on the apex, among others in O. vermicellifera �Fig.4c� or O. viridis. In this connection, one can assume until more careful examinations with the use of transmission electron microscopy that the ostiolum of species from the genus Opegrapha develops by a simple disruption in a place formed earlier, like in O. gyrocarpa �Fig.1��. Disruption of pycnidium takes place only in the wet state since only then the mucus flows into the pycnidium cavity and this way increases the internal pressure. The opening can crack and masses of conidia immersed in the mucous substance leave the ostiolum like a drop or cirrus, e.g., in O. varia �Fig.���. If lichens shrivel up again, then a thickened plug develops over the ostiolum, like for instance in O. viridis �Fig.�1�.
In case of renewed conidia production or at large internal pressure, a thickned plug can be thrown aside and conidia will flow out again through the ostiolum. If conidia have not been washed out by rain or splash water, the mucus shrivels up again and keeps a mass of conidia within the zone of ostiolum, e.g., in O. calcarea �Fig.���, or on the whole pycnidium, among others in O. vermicellifera �Figs �3 and �4�.
The interior of pycnidium is filled with colourless mucous called matrix �Jones 1�7��. Under optical microscope, it is possible to detect its presence only in the dry state as a very thin boundary layer which keeps a mass of conidia. It is well-known that this is a substance different from the hyphae gel of apothecia since it does not have the amyloidal character. The origin of mucous substance is not explained completely. According to Hammill �1�74�, the endoplasmatic reticulum is responsible for its production. �n the other hand, Jones �1�7�� is of the opinion that this substance can be derived from the paramural bodies of conidial cells. Researchers are in accord as to the fact that this substance is a derivative of most external layers of the cellular wall, while precise separation between the matrix and cellular wall components is frequently impossible �Vobis 1�8��.
Conidia produced by species of the genus Opegrapha assume most frequently cylindrical form, e.g., in O. varia �Fig.�5� or are bacilliform, like in O. vermicellifera �Fig.���. In the examined material, however, there was variation of those forms, consisting in smaller and larger flattening or twisting and development of asymmetric thickening and pointed tips, like in O. varia �Fig.�7� or O. vermicellifera �Fig.�8�. The length of conidia in the examined material differs and depends on species; for example, it is 3 μm to � μm in O. vermicellifera, whereas � μm do 13 μm in O. viridis. Similar differences refer to the witdh of conidia; for example, the width of these structures ranges from �.8 μm to �.7 μm in O. vermicellifera, while from a �.8 μm to �.� μm in O. viridis. The wall thickness in mature conidia varies; for example, it ranges from �1� nm to �44 nm in O. vermicellifera. For conidia, an existing pedicle is frequently distinguishable on the one end, which is seen among others in conidia of O. vermicellifera �Fig.���.
Under optical microscope, conidia appear like smooth and hyaline, among others in O. niveoatra �Fig.3�� or O. varia �Fig.31�. Under scanning electron microscope, a subtle granular ornamentation of their surface can be observed, among others in O. vermicellifera �Fig.3��, which can be the external layer on conidia, with the same structure like the matrix of pycnidia.
concLUSionS
Application of high quality light and scanning microscopy made the study of additional aspects of the pycnidia and conidia variation in the genus Opegrapha possible. Fluctuation of the forms of all pycnidium elements, as well as of the traits of conidia, confirms large diversity of these structures in the genus. Particular attention was paid to the formation of two ostiola in various places of pycnidium, which are frequently created in different periods of development. It was observed in O. varia, O. vermicellifera and O. viridis. In the examined material, no changes of that type were observed in epilithic species. This phenomenon is perhaps connected with large internal pressure in the interior of pycnidium which causes additional disruption of the wall in species with a small ostiolum. �bservation of the thickness of respective pycnidium structures was also made in different stages of development. The results of this examination are undoubtedly original contribution to the characteristic of particular species.
The analysis of scanning electron microscope images showed a considerable diversity in the shape of conidia. Attention was also paid to the surface of conidia which had been considered as smooth so far. The carried out observations showed the presence of subtle ornamentation in all examined species. This is perhaps a result of drying of a delicate hyaline layer covering conidia but more careful examinations are required here with the use of transmission electron microscopy.
The observations carried out in this study are one of many stages of the research on pycnidial ultrastructure in the genus Opegrapha. At present, examinations are under way with the use of transmission electron microscopy which certainly will be an important supplementation of the description presented here.
